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(57) ABSTRACT 
An antenna-coupled dual-band focal plane array for detect-
ing radiation in the infrared and millimeter-wave bands. The 
dual-band focal plane array includes a millimeter antenna-
coupled pixel incorporating an array of infrared antenna-
coupled pixels in a two-dimensional focal plane array format 
for detecting infrared and millimeter-wave radiation. The 
configuration allows for a single aperture system capable of 
operating in both the infrared and millimeter bands. The 
system further includes electronics for sampling the milli-
meter antenna-coupled pixel and the array of infrared 
antenna-coupled pixels for course spatial sampling of the 
millimeter pixel and fine spatial sampling of the infrared 
pixels. Application areas can include collision avoidance, 
bad-weather driving, and maritime navigational aids. 
13 Claims, 5 Drawing Sheets 
OLJ 0:0 [][] DLI O[] OiO OD O!D 510 
520 
I MHV l I HMl.r t 
DD O[] [}[] D!J CfD O:U OCI 
DD OD ORJ OD OLl CJD OD OD 
I l'IHll I ' J.IM'6 I 
~-"-'-'-_, OR::J OD rn:J [JR] OD OiO DD 
510 
520 
U.S. Patent 
( 
0 
-
Apr. 15, 2008 Sheet 1 of 5 US 7,358,497 Bl 
U.S. Patent Apr. 15, 2008 Sheet 2 of 5 US 7,358,497 Bl 
:-
j 
,. 
~ 
'O' ~ 
H ~ 
~ 
0 
~ 
~ 
N 
"' C> 
,..~ 
la-( 
~ 
........ 
U.S. Patent Apr. 15, 2008 Sheet 3 of 5 US 7,358,497 Bl 
U.S. Patent Apr. 15, 2008 Sheet 4 of 5 
0 
0 
M 
US 7,358,497 Bl 
U.S. Patent Apr. 15, 2oos Sheet 5 of 5 
US 7 ,358,497 Bl 
US 7,358,497 Bl 
1 
INFRARED/MILLIMETER-WAVE FOCAL 
PLANE ARRAY 
CROSS REFERENCE TO RELATED 
APPLICATIONS 
This application claims the benefit of priority to U.S. 
Provisional application Ser. No. 60/669,515 filed on Apr. 8, 
2005. 
STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 
The subject matter of this application was funded in part 
2 
integrated with two resonant antenna structures at the two 
required frequencies of operation. 
The MOM diode is located at the center of the slot 
antenna and is connected to an infrared antenna to achieve 
5 infrared and millimeter wave responses. The responses are 
improved by matching the impedance of the diode and the 
antennas. The infrared response can be further improved by 
decreasing the junction, which decreases the junction 
capacitance and therefore increases the cutoff frequency of 
10 the diode. 
Therefore, a need exists for a dual-band focal plane array 
with two different spatial resolutions, one for long-wave-
length radiation, and one for short-wavelength radiation. 
by DARPA under ARO contract number DAAD19-02-l- 15 
0232. 
BRIEF SUMMARY OF THE INVENTION 
THE NAMES OF PARTIES TO A JOINT 
RESEARCH AGREEMENT 
Not Applicable 
INCORPORATION-BY-REFERENCE OF 
MATERIAL SUBMITTED ON A COMPACT 
DISC 
Not Applicable 
BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to a millimeter-wave focal plane 
array and, in particular, to apparatus, systems and methods 
for a dual-band focal plane array with simultaneous response 
at infrared and millimeter-wave frequency bands. 
2. Description of Related Art Including Information Dis-
closed Under 37 CFR 1.97 and 1.98 
Conventional millimeter-wave focal plane array pixel 
spacing is limited by the wavelength of the millimeter wave 
(mm W), typically having a wavelength of approximately 3 
mm which corresponds to a frequency of approximately 100 
GHz. As shown in FIG. 1, the system 10 includes an optical 
lens 12 that focuses millimeter-wave radiation within the 
20 
A primary objective of the invention is to provide a new 
apparatus, system and method to provide a dual-band focal 
plane array. 
A secondary objective of the invention is to provide a new 
apparatus, system and method that is capable of operating 
simultaneously in the infrared and millimeter-wave bands. 
A third objective of the invention is to provide a new 
apparatus, system and method with simultaneous response 
25 in the infrared and millimeter-wave bands with proper 
sampling between sensors for both bands. 
30 
A fourth objective of the invention is to provide a new 
apparatus, system and method that integrate an array of 
infrared antennas into the construction of a millimeter-wave 
antenna. 
A fifth objective of the invention is to provide a apparatus, 
system and method that allows fine spatial sampling of 
infrared pixels and course spatial sampling of millimeter 
35 pixels. 
A sixth object of the present invention is to provide an 
apparatus, system and method for use as a driving aid and as 
a bad weather maritime aid for collision avoidance. 
The present invention provides a dual-band focal plane 
40 array for detecting infrared and millimeter-wave radiation. 
The dual-band focal plane array includes at least one mil-
limeter-wave pixel element and an array of infrared pixel 
elements incorporated into the construction of the at least 
field of view into an array of pixel elements 20 positioned in 45 
the focal plane 15 of the lens 12. Millimeter radiation from 
one millimeter-wave pixel element in a two-dimensional 
focal plane array format for detecting the infrared and the 
millimeter-wave radiation. 
a scene within the field of view is directed onto the focal 
plane array 20 by optical lens 12 or other millimeter wave 
device. The pixel spacing on the focal plane array is approxi-
mately one wavelength between sensors because the spatial 
resolution spot produced by the optical lens 12 onto the focal 
plane array 20 is proportional to the wavelength. Therefore, 
a focal plane array tuned for long-wavelength radiation 
would have pixels spaced by a larger distance than would a 
focal plane array tuned for a shorter wavelength radiation. 
Antenna-coupled metal-oxide-metal (MOM) diodes was 
used in the past for detection and mixing in the infrared (IR) 
and millimeter-wave (mm W) portion of the spectrum as 
described in Boreman et al, "Antenna-coupled metal-oxide-
metal diodes for dual band detection at 92.5 GHz and 28 
THz", Electronics Letters, Vol. 40, No. 2, Jan. 22, 2004. The 
ratio between the two required frequencies of operation is 
approximately 300: 1. One example of a design using the 
antenna-coupled MOM diode includes a frequency depen-
dent antenna structure with a small enough feed to allow for 
operation at the higher frequency limit with the diode 
located at the antenna feed. In another example, the diode is 
Each one of the millimeter-wave pixel element includes a 
millimeter-wave slot antenna and an array of infrared slot 
antennas incorporated into said millimeter-wave pixel ele-
50 ment. In an embodiment, the array of infrared-slot antennas 
is incorporated into a ground-plane structure of the milli-
meter-wave-slot antenna. In an embodiment, each millime-
ter-wave pixel elements include an 8-by-8 array of infrared 
pixel elements, while in an alternative embodiment, the 
55 array of infrared pixel elements is a 32-by-32 array. 
In another embodiment, a dual-band single aperture sys-
tem for operating in an infrared and millimeter-wave band is 
provided. The system includes a dual-band focal plane array 
having a millimeter antenna-coupled pixel and plural infra-
60 red-antenna-coupled pixels incorporated into the millimeter 
antenna-coupled pixel for detection of the infrared and the 
millimeter-wave radiation, a sampling device for sampling 
the millimeter antenna-coupled pixel and the plural infrared 
antenna-coupled pixels at intervals corresponding to the 
65 infrared and the millimeter-wave bands; and an output 
device for collecting the samples and converting the samples 
into electrical signals to be displayed on a display unit. 
US 7,358,497 Bl 
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In another embodiment, the present invention provides a 
method for detecting dual bands in a single aperture system. 
The method includes detecting millimeter-wave radiation at 
a millimeter antenna-coupled pixel, detecting an infrared-
wave radiation at an array of infrared antenna-coupled pixels 
incorporated into the millimeter antenna-coupled pixel. A 
detecting device samples the millimeter antenna-coupled 
pixel and the array of infrared antenna-coupled pixels at 
intervals corresponding to the dual bands for course spatial 
sampling of the millimeter pixel element and fine spatial 
sampling of the infrared pixel elements. The system further 
includes an output device for converting the collected 
samples to electrical signal for display on a suitable display 
device. 
Further objects and advantages of this invention will be 
apparent from the following detailed description of preferred 
embodiments which are illustrated schematically in the 
accompanying drawings. 
BRIEF DESCRIPTION OF SEVERAL VIEWS OF 
THE DRAWING(S) 
FIG. 1 is a diagram of the pixel spacing on a prior art focal 
plane array. 
FIG. 2a shows an example of a prior art millimeter-wave 
focal plane array. 
FIG. 2b shows a single millimeter antenna-coupled pixel 
of FIG. 2a. 
FIG. 2c is an exploded view of a millimeter antenna-
coupled pixel of FIG. 2a having microbolometer element. 
FIG. 3 shows one pixel of an infrared focal plane array. 
FIG. 4 shows a dual-band focal plane array according to 
the present invention. 
FIG. Sa is a plan view of a dual-band single aperture 
system according to the present invention. 
FIG. Sb is an exploded view ofa 2x2 array of millimeter 
pixel elements and 8=8 array of infrared pixel elements 
incorporated therein according to an embodiment of the 
present invention. 
DETAILED DESCRIPTION OF THE 
INVENTION 
Before explaining the disclosed embodiments of the 
present invention in detail it is to be understood that the 
invention is not limited in its application to the details of the 
particular arrangements shown since the invention is capable 
of other embodiments. Also, the terminology used herein is 
for the purpose of description and not of limitation. 
The following is a list of the reference numbers used in 
the drawings and the detailed specification to identify com-
ponents. 
10 optical system 
12 optical lens 
14 focal plane 
20 focal plane array 
100 millimeter-wave focal plane array 
110 millimeter pixel element 
120 microbolometer antenna 
200 infrared pixel element 
500 dual-band single aperture system 
505 dual-band focal plane array 
510 millimeter pixel element 
520 infrared pixel element 
530 detector interface 
540 output device 
4 
The apparatus, system and method of the present inven-
tion provides a dual-band focal plane array that includes an 
array of infrared antennas incorporated into the construction 
of a millimeter pixel element. FIG. 2a is a schematic 
diagram of a conventional one-dimensional millimeter-wave 
focal plane array 100 including plural millimeter pixel 
elements 110 that define the focal plane array 100. The 
dimension of each millimeter pixel element 110 is approxi-
mately 1.5 millimeter. FIG. 2b shows a single millimeter 
10 pixel element 110 from the millimeter-wave focal plane 
array 100. Each millimeter pixel element 110 is electrically 
connected to a substrate (not shown) and each millimeter 
pixel element 110 includes an antenna that receives the 
millimeter-wave radiation is coupled with associated elec-
15 tronics to sample the millimeter pixel element and generate 
a corresponding electrical signal to be displayed on a 
suitable display unit. 
As shown in FIG. 2c, each pixel cell includes a microbo-
lometer element, or microbolometer antenna 120. Referring 
20 back to FIG. 2a, the plural millimeter pixel elements 110, 
each including one microbolometer element 120, are 
arranged in a two-dimensional focal plane array 100. An 
array of sampling devices, such as diode detectors, sample 
the millimeter-wave antenna-coupled pixels and infrared 
25 antenna-coupled pixels at intervals. Collecting the samples 
from each sampling device is accomplished in a standard 
fashion, using multiplexer circuitry located underneath the 
antenna arrays. 
30 The apparatus, system and method of the present inven-
tion provide an infrared/millimeter-wave focal plane array 
that incorporates an array of infrared pixel elements in the 
construction of the millimeter pixel elements. In a preferred 
embodiment, the millimeter pixel element includes a milli-
35 meter-wave slot antenna having an array of infrared-slot 
antennas incorporated therein as shown in FIG. 3. Each 
infrared pixel element 200 of the infrared focal plane array 
is much smaller (approximately 2 micrometers) than the 
millimeter pixel element 110 (approximately 1.5 millime-
40 ters) shown in FIG. 4. 
In a preferred embodiment of the dual-band focal plane 
array, each band has spatial sampling appropriate for the 
wavelengths of interest and is constructed according to the 
following description. Plural infrared slot antennas are 
45 incorporated into the ground plane of the millimeter-wave 
slot antenna. The slot antennas tuned to infrared are sub-
stantially smaller than the wavelength in the millimeter-
wave region, and hence do not substantially affect the 
operation of the millimeter-wave slot antenna. The two 
50 antenna arrays comprising the focal plane array are thus 
independent yet they occupy the same region, allowing for 
a shared-aperture system (hereinafter referred to as a dual-
plane single aperture system). 
As shown in FIG. 4, according to the present invention, 
55 each millimeter pixel element includes plural infrared-wave 
pixel elements. The millimeter pixel elements are structured 
to receive radiation in the millimeter band while the infrared 
pixel elements are structured to substantially simultaneously 
receive radiation in the infrared band. The dual-band detec-
60 tion system provides sampling intervals between the milli-
meter and infrared pixel elements corresponding to the two 
bands. This construction allows for a single aperture system 
that is capable of operating in the millimeter and infrared 
bands. In a preferred embodiment, the infrared/millimeter-
65 wave focal plane array of the present invention incorporates 
the array of infrared-slot antennas into the ground-plane 
structure of a millimeter-wave-slot antenna. 
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2. The dual-band focal plane array of claim 1, wherein 
said array of infrared pixel elements comprises: 
an 8-by-8 array of infrared-slot antennas incorporated into 
said at least one millimeter-wave pixel element. 
3. The dual-band focal plane array of claim 1, wherein 
said array of infrared pixel elements comprises: 
a 32-by-32 array of infrared-slot antennas incorporated 
into said at least one millimeter-wave pixel element. 
In a preferred embodiment shown in FIG. Sa, the dual-
band single aperture system SOO includes a two-dimensional 
dual-band focal plane array SOS having a millimeter 
antenna-coupled pixels SlO and plural infrared antenna-
coupled pixels S20 incorporated into the millimeter antenna-
coupled pixel SlO for detection of the infrared and the 
millimeter-wave radiation. In the example shown in FIG. Sb, 
each millimeter pixel element SlO includes a 4x4 array of 
infrared pixel elements S20. The 4x4 configuration of the 
infrared pixel element array within the millimeter pixel 
element is for illustration purpose only and not oflimitation. 
Those skilled in the art will recognize that alternative array 
configurations may be substituted. For example, in another 
embodiment, each millimeter-wave pixel elements include 
4. A dual-band single aperture system for operating in an 
10 infrared and a millimeter-wave frequency bands, compris-
ing: 
an 8-by-8 array of infrared pixel elements, while in an 15 
alternative embodiment, the array of infrared pixel elements 
is a 32-by-32 array. 
The output of the millimeter antenna-coupled pixels SlO 
and plural infrared antenna-coupled pixels S20 are coupled 
a dual-band focal plane array having an array of milli-
meter pixel elements each having a millimeter-wave 
antenna and an array of infrared pixel elements each 
having an infrared slot antenna incorporated into each 
of said array of millimeter pixels for detection of an 
infrared and a millimeter-wave radiation; 
a sampling device coupled with said dual band focal plane 
array for sampling said array of millimeter pixel ele-
ments and said array of infrared pixel elements at 
intervals corresponding to said infrared and said mil-
limeter-wave frequency bands; and 
an output device interfaced with said sampling device for 
collecting the samples and converting the samples into 
electrical signals to be displayed on a display unit. 
S. The system of claim 4, wherein said array of millime-
ter-wave antenna-coupled pixels provide a coarse spatial 
sampling of said array of millimeter pixel elements and said 
array of infrared-wave antenna-coupled pixels incorporated 
to a detector or other sampling device S30 for sampling the 20 
array of millimeter-wave antenna-coupled pixels and the 
array of infrared antenna-coupled pixels. The millimeter-
wave antenna-coupled pixels and infrared antenna-coupled 
pixels are sampled at intervals corresponding to the infrared 
and the millimeter-wave bands. An output device S40 col- 25 
lects the samples and converts the samples into electrical 
signals to be displayed on a display unit (not shown). 
Collecting the samples from each sampling device is accom-
plished in a standard fashion, using multiplexer circuitry 
located underneath the antenna arrays. 30 to each pixel of said array of millimeter-wave antenna-
coupled pixels provides a fine spatial sampling of said array 
of infrared pixel elements. 
In summary, the present invention provides a new appa-
ratus, system and method that allows for fine spatial sam-
pling of infrared pixel elements and course spatial sampling 
of millimeter pixel elements. The dual-band focal plane 
array includes a millimeter antenna-coupled pixel incorpo- 35 
rating an array of infrared antenna-coupled pixels in a 
two-dimensional focal plane array format for detecting 
infrared and millimeter-wave radiation. The configuration 
allows for a single aperture system capable of operating in 
both the infrared and millimeter bands. The system further 40 
includes electronics for sampling the millimeter antenna-
coupled pixel and the array of infrared antenna-coupled 
pixels for course spatial sampling of the millimeter pixel and 
fine spatial sampling of the infrared pixels. In an embodi-
ment, the system further includes an output device for 45 
collecting the samples and converting the samples into 
electrical signals to be displayed on a display unit. 
While the invention has been described, disclosed, illus-
trated and shown in various terms of certain embodiments or 
modifications which it has presumed in practice, the scope 50 
of the invention is not intended to be, nor should it be 
deemed to be, limited thereby and such other modifications 
or embodiments as may be suggested by the teachings herein 
are particularly reserved especially as they fall within the 
breadth and scope of the claims here appended. 
We claim: 
1. A dual-band focal plane array for detecting infrared and 
millimeter-wave radiation, comprising: 
at least one millimeter-wave pixel element having a 
millimeter-wave slot antenna; and 
55 
60 
an array of infrared pixel elements each having an infra-
red-wave slot antenna, wherein the plural infrared-
wave slot antennas are incorporated into the construc-
tion of said millimeter-wave slot antenna to form a 
two-dimensional dual-band focal plane array for 65 
detecting infrared-wave and millimeter-wave radiation 
substantially simultaneously. 
6. The system of claim S, wherein said sampling device 
comprises: 
a first array of detectors for sampling said millimeter 
radiation at said array of millimeter-wave antenna-
coupled pixels; and 
a second array of detectors for detecting said infrared 
radiation at said array of infrared antenna-coupled 
pixels. 
7. The system of claim 6, wherein said first and said 
second array of detectors comprises: 
a diode detector array sensitive to both of said millimeter-
wave frequency band and said infrared frequency band. 
8. The system of claim 4, wherein said array of millimeter 
pixel elements is an 8-by-8 array having a 32-by-32 array of 
infrared pixel elements incorporated therein. 
9. The system of claim 4, wherein said sampling device 
comprises: 
an array of sensors sensitive to both of said millimeter-
wave frequency band and said infrared frequency band. 
10. The system of claim 4, wherein said output device 
comprises: 
an array of multiplexers for receiving said samples; and 
a electronic unit for converting said samples into said 
electrical signals for display on said display unit. 
11. A method for detecting dual bands in a single aperture 
system, the method comprising the step of: 
providing a dual-band focal plane array having a milli-
meter antenna-coupled pixel and an array of infrared 
slot antenna-coupled pixels incorporated into a ground 
plane of the millimeter-wave antenna; 
detecting millimeter-wave radiation at the millimeter 
antenna-coupled pixel; and 
detecting an infrared-wave radiation at the array of infra-
red slot antenna-coupled pixels incorporated into the 
millimeter antenna-coupled pixel. 
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12. The method of claim 11, further comprising: 
sampling the millimeter antenna-coupled pixel and the 
array of infrared slot antenna-coupled pixels at inter-
vals corresponding to the dual bands for coarse spatial 
sampling of the millimeter pixel element and fine 5 
spatial sampling of the infrared pixel elements. 
8 
13. The method of claim 12, further comprising: 
collecting said coarse and said fine spatial samplings; and 
converting said collected samplings to electrical signals 
for display on a display device. 
* * * * * 
